A total of 85 mussel samples of eight species were examined. Analysis of mercury in the freeze-dried samples was carried out by atomic absorption spectrometry method using direct mercury analyser AMA 254. The analytical procedure for determination of mercury was covered by the quality assurance programme of research and participation in national and international proficiency tests. Concentrations of total mercury in all investigated samples were found to be generally low, in the range of 0.033-0.577 mg/kg of dry weight and of 0.003-0.045 mg/kg of wet weight. The results indicate that obtained levels of mercury in bivalve molluscs are not likely to pose a risk to the health of consumers.
Introduction
In Poland, the interest in marine food, or seafood, has increased in the recent years. Crustaceans, mostly shrimps, squids, and lobsters, are frequently chosen by consumers, but less popular oysters, cockles, mussels, and clams which belong to bivalve molluscs are also purchased. These organisms, living mainly in the aquatic environment, are found in almost all geographical areas. Most of the species inhabit intertidal zone of marine waters as benthic fauna. The minority of bivalve species live in the depths of the sea, in freshwater, or brackish water. Bivalves adopt a sedentary or sessile lifestyle, living on underwater rocks, stones, gravel, woods, or buried in sand, silt, and mud. Most of the species are filter feeders and use phytoplankton as an important source of food (4) . Bivalves play an important role in aquatic ecosystems in clarifying water (13) . It should be mentioned that bivalve farming is one of economically important aquaculture branches for such countries as Spain, France, Denmark and Italy, where seafood consumption is considerable. Given the fact that most of bivalve species are filter feeders, they can accumulate in their tissues such environmental contaminants as pesticides, dioxins, and toxic metals, which may pose a threat to the health of consumers (7, 13) .
The rules for the marketing of live bivalve molluscs for direct consumption and also for processing are strictly defined in EU law regulating all aspects of production, including environmental conditions, farming, cleaning, transport, sale, microbiological and virological limits, as well as maximum levels of contaminants and residues of marine biotoxins (6, 14, 18, 19) . It has been reported that fish and other aquatic organisms can accumulate toxic metals, including mercury (2, 10, 12, 17, 24, 25) . Several studies have investigated the toxic effects of mercury in living organisms. Mercury and especially its organic forms may disturb enzymatic reactions and cause destruction of cells which accumulate this element in large quantities (1, 3, 8, 9) . Various mechanisms of mercury action can lead to dysfunction of the central nervous system and numerous developmental disorders (1, 5, 7, 8, 26) .
The aim of the study was to assess mercury concentrations in bivalve molluscs available on the Polish market. The material was collected within the multi-annual monitoring programme "Protection of animal and public health".
Material and Methods
A total of 85 tissue samples of eight species of bivalve molluscs (Table 1) were obtained from local market in Poland. Bivalves were cleaned and rinsed with deionised water. Afterwards, fresh tissues were separated from the shell and homogenised. Moisture content in tissue samples was determined using HR83 moisture analyser (Mettler-Toledo International Inc., Switzerland).
Mercury analysis was performed in fresh samples by atomic absorption spectrometry using AMA254 direct mercury analyser (Altec, Czech Republic). The procedure of mercury content determination in biological samples was previously described by Szkoda et al. (24) . Statistical calculations were performed using Statistica 10 PL software (StatSoft, Poland).
Quality control of analytical measurements was performed using the following certified reference materials: SRM-2976 (National Institute of Science and Technology, USA) and TORT-2 (National Research Council, Canada). The chosen method was regularly evaluated by participation in proficiency programmes organised by Food Analyses Performance Assessment Scheme (FAPAS) and European Union Reference Laboratories comparisons (20) . Our laboratory also organises proficiency testing for regional veterinary laboratories involved in the analysis of mercury concentration in foods of animal origin and feed.
Results
Mercury concentrations in the tissues of selected species of bivalve molluscs (expressed in dry weight) are summarised in Table 2 . Mean total mercury concentration was 0.132 mg/kg and median 0.120 mg/kg (dry wt.). The maximum concentration of mercury (0.577 mg/kg dry wt.) and the highest mean level (0.170 mg/kg dry wt.) were found in Pacific oyster (Crassostrea gigas), but the differences in concentration of mercury among species were not statistically significant.
Mercury concentrations in tissues of selected bivalve species (expressed in wet wt) are presented in Fig. 1 . They ranged from 0.014 to 0.024 mg/kg in Hard clam (Mercenaria mercenaria) and Dog cockle (Glycymeris glycymeris) respectively.
Mercury recoveries in certified reference materials (CRMs) and results of selected proficiency tests are presented in Table 3 .
The given Z-scores in proficiency tests indicate that the obtained values are not statistically different from the assigned values. 
Discussion
Bivalve molluscs are widely used as biomonitors of environmental metal concentrations. Beiras et al. (2) found that mercury concentrations in tissues of Mytilus galloprovincialis in Galicia, Spain, ranged from 0.100 to 1.109 mg/kg dry weight. Other authors monitored heavy metal content in mussels from Apulian Coasts in Italy (22) . The level of mercury was similar to the value determined by Beiras et al. (15) . Slightly lower content of mercury (0.033-0.336 mg/kg dry wt.) was observed by Lepom et al. (12) in tissues of freshwater mussels (Dreissena polymorpha) sampled in German surface waters, and by Rutzke et al. (21) in Lakes Ontario and Erie in the United States. The ability of bivalve molluscs to accumulate toxic metals from water and sediments was used in numerous studies in the assessment of environmental pollution by these elements (2, 11, 15, 17, 22) . Our results were slightly lower compared to the findings of other authors. Toxicity of mercury is well known. The main sources of this toxic metal in human diet are fish and seafood (1, 7, 8) . The safety of consumers is provided by legislation setting the maximum levels of mercury in food. According to Commission Regulation (EC) No. 1881/2006 setting the maximum level for certain contaminants in foodstuffs, the maximum concentration of mercury in fish (with exception of some predatory species) and in seafood is 0.5 mg/kg of wet weight (6) . The obtained concentrations of total mercury in fresh tissue of bivalve molluscs were below the maximum level (Fig. 1) . Our finding corresponds with the results of other authors (10, 23) .
The European Food Safety Authority (EFSA) Panel on Contaminants in the Food Chain (CONTAM) in the line with Joint FAO/WHO Expert Committee on Food Additives (JECFA) established the following tolerable weekly intake (TWI) of 4 μg/kg for inorganic mercury and 1.3 μg/kg of body weight for methylmercury (8) .
To assess the risk associated with the consumption of mercury presented in bivalve tissues, the tolerable TWI for inorganic mercury was adopted. Assuming the consumption of 100 g of bivalves per week and the highest level of mercury in Manila Clam (0.045 mg/kg wet wt), the weekly intake of mercury was estimated at 4.5 μg/person/week, thus accounting 1.6% of TWI. Taking together our findings and low consumption of seafood in Poland, there is no risk to consumer's health related to the intake of mercury from bivalve molluscs. However, taking into account mercury concentrations found by other authors, especially in wild bivalves, the concentration of this element in seafood must be periodically monitored.
